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ABSTRACT FIP-3 (14.7K interacting protein) was dis-
covered during a search for cell proteins that could interact
with an adenovirus protein (Ad E3–14.7K) that had been
shown to prevent tumor necrosis factor (TNF)-a-induced
cytolysis. FIP-3, which contains leucine zippers and a zinc
finger domain, inhibits both basal and induced transcrip-
tional activity of NF-kB and causes a late-appearing apoptosis
with unique morphologic manifestations. Ad E3–14.7K can
partially reverse apoptotic death induced by FIP-3. FIP-3 also
was shown to bind to other cell proteins, RIP and NIK, which
previously had been described as essential components of
TNF-a-induced NF-kB activation. In addition, FIP-3 inhibited
activation of NF-kB induced by TNF-a, the TNFR-1 receptor,
RIP, NIK, and IKKb, as well as basal levels of endogenous
NF-kB in 293 cells. Because the activation of NF-kB has been
shown to inhibit apoptosis, FIP-3 appears both to activate a
cell-death pathway and to inhibit an NF-kB-dependent sur-
vival mechanism.

Adenoviruses (Ads) contain a variety of immunoregulatory
genes, many of which are clustered in early-region three (E3)
and are not required for viral replication in tissue culture (1,
2). These genes include the Ad E3–14.7K and the complex of
the Ad E3–14.5Ky10.4K proteins, which inhibit tumor necrosis
factor (TNF)-a cytolysis in a variety of human and mouse cells
(3, 4). The 14.5Ky10.4K complex also inhibits Fas-mediated
cell killing and promotes the internalization and degradation
of both Fas and the epidermal growth factor receptors (5–7)

The control of TNF-a during the host response to viral
infection must be very important, as evidenced by the number
and diversity of viruses that affect these processes (8–15).
Baculovirus and poxviruses code for proteins p35 and crmA,
respectively, which directly affect the caspases and prevent
proteolysis that results in apoptosis (9, 15). The mechanism of
inhibition of TNF-a cytolysis by the Ad E3 proteins is not well
understood; however, Ad E3–14.7K has been shown to bind to
caspase 8 (ref. 16; M.S.H., unpublished observations). Al-
though another Ad protein (E1B-19K) is a homologue of Bcl-2
and presumably acts in a similar manner to its cellular homo-
logue to inhibit apoptosis, there appear to be differences in the
ways that Bcl-2 or Ad E1B 19K and the Ad E3–14.7K inhibit
cytolysis (17–21).

There has been a large amount of information published
recently about cell proteins whose overexpression can cause
cell death (22–29). Some of these studies initially have used the
intracellular domains of one of the two TNF-a receptors
(TNFR-1yTR55) or of the Fas molecule in the yeast two-
hybrid system to find interacting cell proteins. Such studies

have discovered molecules such as TRADD and MORT1y
FADD, whose overexpression during transient transfection
causes cell death (23, 25–27). The use of MORT1yFADD
proteins as ‘‘baits’’ in subsequent yeast two-hybrid searches of
interacting proteins has led to discovery of molecules such as
MACHyFLICE (caspase 8), which has protease activity (28,
29).

In contrast to the pathways that lead to cell death, it has been
shown recently that the induction of NF-kB inhibits apoptosis
(30, 31). TRAF2, which interacts with the TNF receptor,
activates both NF-kB and JNK pathways (24). TRAF2 asso-
ciates with NIK, a MAP3K homologue, which increases NF-kB
levels when overexpressed (32). NIK activates the IkB kinase,
which phosphorylates IkBa on serines 32 and 36, causing
degradation of IkBa and subsequent activation of NF-kB (33).
Two kinases, IKKa and IKKb, have been identified in the IkB
kinase complex. Some of the death-inducing molecules, such as
TNF-a or the transfected TNFR-1, also can induce NF-kB
activity, even though the net effect of each of these overex-
pressed molecules appears to be cytolysis (24). Thus, it seems
that TNF-a initiates a cascade in which cell death or survival
rests on a delicate balance between opposing pathways. RIP,
originally isolated by its interaction with the intracellular
domain of Fas, also has been shown to interact with TRADD
and FADD (23). These interactions potentially placed RIP as
a mediator of both TNF-a- and Fas-ligand-induced signal
transduction. Overexpressed RIP has been shown to cause
apoptosis as well as to activate NF-kB (23, 34); however, recent
gene-deletion studies have shown that RIP is essential for
TNF-a-induced activation of NF-kB but not for cell death (35).

Our studies were initiated to determine the mechanism of
action of the Ad E3–14.7K inhibitor of TNF-a-induced cytol-
ysis by isolating cell proteins that bound to the viral molecule.
Such studies have recognized a series of proteins called FIPs
(14.7K-interacting proteins) (18, 36). FIP-3 is a protein con-
taining leucine-zippers and a zinc finger. When FIP-3 is
expressed by transient transfection, it causes cell death and
inhibits the transcriptional activity of NF-kB. FIP-3 binds to
RIP and to NIK and inhibits NF-kB activation by both of these
molecules. FIP-3 also inhibits NF-kB activity induced by the
addition of TNF-a to 293 cells and by the cotransfection of the
TNFR-1 receptor (TR55) or the IKKb.

EXPERIMENTAL PROCEDURES

Cell Lines. The human 293 cell line was maintained in
DMEM supplemented with 10% fetal bovine serum, 50 units
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of penicillin, and 50 mgyml streptomycin. The mouse fibroblast
C3HA cell lines with or without constitutively expressed
Ad-E3–14.7K (obtained from Linda Gooding of Emory Uni-
versity) were maintained in DMEM with the same supple-
ments as above (37).

Plasmid Constructs. The bait vector expressing the Ad
E3–14.7K protein in yeast, the expression plasmids pcDNA-
FLAG-14.7 in mammalian cells, and pGST-14.7K (glutathione
S-transferase fusion protein) in bacteria as well as the negative
control plasmid pcDNA-T7 were constructed as described
(18). pcDNA-T7-FIP-3D179 was made by inserting the FIP-
3D179 cDNA sequence between the BamHI and XhoI sites 39
to the T7 tag. For in vitro transcription and translation of
FIP-3D179, the FIP-3 cDNA released from the ‘‘target’’ vector
by BamHIyXhoI was cloned into pCITE-4b (Novagen) at the
corresponding sites. The full length FIP-3 was inserted into the
BamHIyXhoI site of the pcDNA-T7 vector for expression in
mammalian cells and into the corresponding sites of pCITE-4b
for expression of 35S-labeled FIP-3 in vitro. The fidelity of all
of the constructs was confirmed by sequencing. The full length
FIP-3 cDNA was obtained by 59-rapid amplification of cDNA
ends and was cloned into pcDNA-T7 as described below. The
GST-NIK expression plasmid was constructed by cloning NIK
into the BamHIyXhoI sites at the C terminus of the GST vector
pGEX-5x-1 (Amersham Pharmacia).

The NF-kB-dependent luciferase reporter plasmid pIgk-Luc
was kindly provided by Bruce Horwitz of the Whitehead
Institute at the Massachusetts Institute of Technology (Cam-
bridge, MA). The pFLAG-CMV-IKKb plasmid was gener-
ously provided by Jun Li (Boehringer Ingelheim), and the
pcDNA-FLAG-RIP domain constructs were obtained from
David Goeddel (Tularik, South San Francisco, CA). The
FIP-1-expressing plasmid and the N-terminal deletion mutant
of FIP-2 (FIP-2D134) used in coimmunoprecipitation reac-
tions have been reported (18, 36). The plasmid (pGreen
Lantern-1) expressing the green fluorescent protein (GFP)
was purchased from GIBCO.

Immunofluorescent Studies for Colocalization Between Ad
E3–14.7K and FIP-3. Immunohistochemical colocalization
studies in C3HA cells expressing the Ad E3–14.7K were done
by following previously reported procedures (18). C3HA cells
grown on chamber slides (Nunc) were transfected with
pcDNA-T7-FIP-3D179 DNA by using the LipofectAmine tech-
nique (GIBCO) and were analyzed on a confocal microscope.
The antibody to the E3–14.7K was a generous gift from
William Wold, Saint Louis University.

Preparation and Use of GST Fusion Protein. The expression
and absorption of the Ad E3–14.7-GST fusion protein to
GST-beads, in vitro labeling of the FIP-3D179 with 35S-
methionine, and the in vitro protein–protein interaction assay
followed protocols previously described (18). A similar pro-
tocol was applied to the interaction between full length
35S-labeled FIP-3 from a pCITE vector and GST-NIK ex-
pressed in bacteria.

Apoptosis Studies of the FIP-3 Protein. The cell morphology
studies were facilitated by using coexpressed GFP as a trans-
fection marker (38). Forty hours after transfection, the cells
were observed and photographed with a fluorescein isothio-
cyanate filter by using a Zeiss Axiophot 1 fluorescent micro-
scope. The 293 cells for DNA fragmentation assays were
harvested 48 hours after transfection by scraping into the
medium. After centrifugation, pelleted cells were lysed by
using 1 ml of ice-cold lysis buffer (50 mM TriszHCly20 mM
EDTAy0.5% Triton X-100, pH8). Four hours after incubation
on ice, cell debris was removed by brief centrifugation
(12,000 3 g), and the supernatant was subjected to two round
of phenol extraction. After ethanol precipitation, DNA was
treated with RNase and was analyzed on 2% agarose gels.

Apoptosis also was quantified by the Cell Death Detection
ELISA Plus as described by the manufacturer (Boehringer) by

using mAbs against DNA and histones to detect mono- and
oligonucleosomes. The amount of substrate bound to lysates of
the experimental divided by the controls was calculated as the
apoptotic index, a measure of the number of nucleosomes
released during apoptosis.

RESULTS

Identification of FIP-3 as a Specific Target of E3–14.7K in
the Yeast Two-Hybrid System. By using the E3–14.7K as bait
in the yeast two-hybrid system as described (18), FIP-3 was
identified in 9 of the original 107 colonies as a strongly
interacting protein. The specificity of the interaction between
E3–14.7K and FIP-3 in the yeast two-hybrid system was
demonstrated by testing the FIP-3 against a number of other
baits (lamin, TAD, bHLH, MaxI, Bcl2, E1B-19K, and BIK-1).
FIP-3 did not interact with any of the other baits, including
Bcl2 or Ad E1B-19K, two known inhibitors of TNF-a cytolysis.
These data suggest that E3–14.7K and E1B-19KyBcl2 are
acting on different cellular targets.

FIP-3 Is a Cellular Protein Containing Multiple Leucine-
Zipper Domains and a Zinc Finger. Full length FIP-3 is a
protein containing 419 amino acids (Fig. 1), and the cDNA
clone we isolated was 2,009 nucleotides in length with the start
and stop codons at positions 110 and 1,368 respectively (Gen-
Bank accession no. AF062089). By comparing the full length
sequence and the sequence obtained from the yeast two-hybrid
screening, we found that the latter lacked the N-terminal 179
amino acids of the protein (FIP-3D179). By computer-aided

FIG. 1. Polypeptide sequence of FIP-3 derived from cDNA se-
quence. The figure shows the polypeptide sequence of FIP-3, which
was deduced from the sequence of the yeast two-hybrid clone starting
at amino acid 180 plus the 59 rapid amplification of cDNA endsyPCR-
derived sequences. Gene-specific primers (59-CTCCTCGGCCTGCT-
GGAGCTGCTG 39) and adapter primers (59-CCATCCTAATAC-
GACTCACTATAGGGC 39) present in rapid amplification of cDNA
ends–ready heart cDNA templates (CLONTECH) were used to
identify the missing 59 sequence (18). Three continuously underlined
regions are three putative leucine-zipper regions. A zinc finger domain
is shown in bold at the C terminus of the protein with the canonical
C and H residues underlined, and putative nuclear localization signals
are double-underlined. The sequence of FIP-2 is juxtaposed with the
homologous amino acids, indicated by conventional symbols to indi-
cate identity (27%) or degrees of similarities (38%).
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sequence analysis, it was found that FIP-3 had some domains
that were similar to a protein, FIP-2, that also had been
isolated by binding to AdE3–14.7K (36). FIP-3 has one perfect
leucine-zipper domain and two similar domains containing
hydrophobic amino acids, as indicated. Both FIP-3 and FIP-2
also contained a putative zinc finger domain at their C termini;
however, amino acid 404 in FIP-3 is not a hydrophobic or
aromatic amino acid as is generally found in other zinc-finger
proteins, including FIP-2. Putative nuclear localization signals
are indicated by double underline (Fig. 1) and were detected
by using the program PSORT II (http:yypsort.nib.ac.jpypsorty
helpwww2.html).

FIP-3 mRNA was present in the eight human tissues (heart,
brain, placenta, lung, liver, skeletal muscle, kidney, and pan-
creas) studied by Northern blot analysis using the 32P-labeled
FIP-3 cDNA (data not shown). The major transcript of FIP-3
mRNA was a 2.4-kilobase band in all of the human tissues
tested.

Interaction of FIP-3 with E3–14.7K. In addition to the yeast
two-hybrid assay, the interaction between FIP-3 and E3–14.7K
was shown in multiple protein–protein interaction analyses.
First, FIP-3 (FIP-3D179 form used here) after transient trans-

fection was shown to colocalize with E3–14.7K intracellularly
(Fig. 2). Because E3–14.7K was expressed constitutively in all
C3HA cells but FIP-3 was expressed only in a subpopulation
of these cells after transient transfection, the redistribution of
some of the E3–14.7K in the presence of FIP-3 could be
detected. The appearance of the perinuclear bead-like struc-
tures having both E3–14.7K and FIP-3 staining suggests that
FIP-3 and E3–14.7K interact intracellularly.

The direct interaction between FIP-3 and E3–14.7K was
demonstrated further by a GST protein binding assay. As
shown in Fig. 2C, FIP-3D179 directly interacted with E3–14.7K
and was retained by the beads containing GST-E3–14.7K (Fig.
2C, right lane) but not by the beads containing GST protein
alone (Fig. 2C, left lane). In the coimmunoprecipitation
studies using the cell lysate of transfected cells, T7-FIP-3 was
coimmunoprecipitated with FLAG-14.7K (Fig. 2D, lane 2). In
contrast, T7-FIP-3 was not coprecipitated with FLAG-FIP-
2D134, an N-terminal deletion mutant of FIP-2 (36) (Fig. 2D,
lane 1), when using the same anti-FLAG antibody. TNF-a
treatment did not significantly affect the interaction between
the FIP-3 and 14.7K proteins under the conditions used for
these assays (Fig. 2D, lane 3). The interaction between E3–
14.7K and endogenous FIP-3 in C3HA cells was confirmed by
coimmunoprecipitation and Western blotting using antibodies
against a FIP-3 peptide (data not shown).

FIP-3 Is a Death Protein That Causes Unique Cell Mor-
phology, and Ad E3–14.7K Can Reverse the FIP-3 Phenotype.
Because E3–14.7K inhibits TNF-a cytolysis, FIP-3 was tested
as an inducer of cell death in transient transfection experi-
ments. GFP, a product of the Green Lantern plasmid, was used
as a marker of the transfected cells (38). Examination of the
FIP-3 expressing cells revealed a unique morphology. Al-
though the cells remained normal for '24 hours after FIP-3
transfection, they subsequently developed unique spherical
structures that stained green with the fluorescent GFP (Fig.
3A, arrows). Other cells at this time showed typical signs of
apoptotic disintegration with blebbing of the cytoplasm and
nuclear fragmentation (Fig. 3A, arrowhead). The controls
transfected with the pcDNA-T7 plasmid showed flat cells with
normal pseudopod-like projections (Fig. 3B) and diffuse GFP
fluorescent staining. To examine whether the spherical struc-
tures were in the nucleus or in cytoplasm, the transfected
GFP-positive cells were counterstained with Hochest, a fluo-

FIG. 2. Interaction of FIP-3 and Ad E3–14.7K proteins. Immuno-
histochemical studies of mouse C3HA cells, which constitutively
express Ad E3–14.7K protein, were performed after transient trans-
fection with a T7-tagged FIP-3 (FIP-3D179, 1 mg)-expressing plasmid.
The relationship of these two proteins in the cells was shown by the use
of anti-T7 mAbs (A) or anti-14.7K polyclonal antibodies (B). The
immunoreactivities were visualized by confocal microscopy after
staining with fluorescein-conjugated anti-mouse antibodies (A) or
Texas red-conjugated anti-rabbit sera (B). The single asterisks in B
denote cells that were expressing E3–14.7K in a diffuse distribution
pattern in the cytoplasm in the absence of FIP-3. The double asterisks
refer to cells coexpressing FIP-3 and E3–14.7K. The dense perinuclear
bead-like structures were stained heavily with antibodies directed
against the FIP-3 and E3–14.7K proteins after transient transfection of
the cells with a T7-FIP-3 expressing plasmid. (Bar 5 10 mm.) Direct
in vitro and in vivo interactions between FIP-3 and E3–14.7K also were
demonstrated as described (36). 35S-met-labeled FIP-3 from an in vitro
translation reaction was incubated with either bacterial-expressed
GST or GST-14.7K protein immobilized on glutathione beads. After
extensive washes, labeled FIP-3 retained on the beads was analyzed by
SDSyPAGE and autoradiography (C). Human 293 cells were seeded
on 100-mm dishes and were transfected by using the LipofectAmine
technique with 2 mg each of the following plasmids (D). Lanes: 1,
FLAG-FIP-2D134 plus T7-FIP3; 2, FLAG-14.7 plus T7-FIP3; 3,
FLAG-14.7 plus T7-FIP-3, treated with 20 ngyml TNF-a for 20 min
before harvesting the cells. Twenty-four hours after transfection, cell
lysates were prepared and treated with 2 ml of anti-FLAG antibody
followed by incubation with protein A beads. After several washes, the
protein complex bound to the beads was analyzed by SDSyPAGE.
Immunoprecipitated T7-tagged FIP-3 protein was identified by West-
ern blotting with horseradish peroxidase-conjugated anti-T7 antibody
(Novagen).

FIG. 3. Overexpression of FIP3 induces a unique morphology and
intracytoplasmic inclusion bodies. Studies of FIP-3 morphology by
using a GFP marker are shown in A. Human 293 cells on 6-well plates
were transfected with 2 mg of pcDNA-T7-FIP3 and 1 mg of pGFP
plasmid DNA. In B, cells transfected with 2 mg of pcDNA-T7 and 1 mg
of pGFP plasmid as normal controls are shown. Forty hours after
transfection, cells were examined and photographed under a fluores-
cent microscope with a fluorescein isothiocyanate filter. The cells with
the intracellular round structures, stained green in the original and
typical of the FIP-3 phenotype, are indicated by arrows (A). Another
cell in an advanced stage of disintegration is designated by an
arrowhead. (Bar 5 10 mm.)
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rescent nuclear stain. The unique round structures were
present primarily in the cytoplasm (data not shown).

Evidence that FIP-3 killed cells by apoptosis and that Ad
E3–14.7K could partially reverse this effect was provided by
using the DNA fragmentation assay and the ELISA-based
determination of mono- and oligonucleosomes and also by
observing the morphologic effects of E3–14.7K on the reversal
of FIP-3-induced cell death. As shown in Fig. 4A, the overex-
pression of FIP-3 could induce DNA fragmentation (Fig. 4A,
lane 2). In Fig. 4B, the ELISA-based determination of mono-
and oligonucleosomes in cytoplasmic extracts was used to
quantify the reversal of FIP-3-induced apoptosis by E3–14.7K.
The results of inducing cell death with FIP-3 are shown (Fig.
4B, lane 2) in relationship to killing with the TR55 (Fig. 4B,
lane 5) as a positive control and to the pcDNA-T7 plasmid
alone (Fig. 4B, lane 1) as a negative control. It can be seen that
addition of Ad E3–14.7 inhibits cell death by '70% (Fig. 4A,
lane 3), and there was no induction of apoptosis by an
N-terminal 179-aa deletion of FIP-3 (Fig. 4B, lane 4). These
results were concordant with morphologic determination of
cell death after transient transfection with a plasmid expressing
FIP-3 and its reversal by the addition of a plasmid expressing
the Ad E3–14.7K protein (data not shown).

Intracellular Localization of FIP-3 Affected by Ad E3–
14.7K. Although FIP-3 and Ad E3–14.7K proteins colocalized
in the cytoplasm in perinuclear bead-like structures (Fig. 2 A
and B), FIP-3 alone was demonstrated in the nucleus as well
as in the cytoplasm (Fig. 5, lane 3) by Western blotting. On the
addition of increasing amounts of Ad E3–14.7K (Fig. 5, lanes
4–7), the amount of FIP-3 in the nucleus decreased dramat-
ically.

FIP-3 Interacts with RIP and NIK. In a series of studies of
interactions between FIP-3 and other cell signal transduction
proteins, it was found that FIP-3 could interact with RIP in the
yeast two-hybrid system (data not shown). The RIPyFIP-3
interaction was confirmed by coimmunoprecipitation from 293
cell lysates transiently transfected with both of these proteins.
As shown in Fig. 6A, FIP-3 could be coimmunoprecipitated by
FLAG-RIP (Fig. 6A, lanes 3 and 4) but not by FLAG-FIP-
2D134 (Fig. 6A, lane 2) or by FLAG-FIP-1 (Fig. 6A, lane 1).
The addition of TNF-a had little or no effect on the interaction
between the FIP-3 and RIP (Fig. 6A, lane 4). The RIPyFIP-3

interaction also was studied between 35S-FIP-3 synthesized in
the rabbit reticulocyte system and the various domains of
FLAG-RIP, which were made in transfected 293 cells and were
bound to a Sepharose column by FLAG antibody (Fig. 6B).
FIP-3 bound strongly to intact RIP (Fig. 6B, lane 4) and its
intermediate domain (Fig. 6B, lane 2) but not to the kinase
domain (Fig. 6B, lane 1). There was only a weak interaction to
the death domain (Fig. 6B, lane 3). A strong interaction
between FIP-3 and NIK after transient transfection of 293 cells
followed by coimmunoprecipitation and Western blotting also
could be demonstrated (Fig. 6C). FIP-3 also was shown to bind
efficiently to NIK expressed as a GST-NIK fusion protein in
bacteria (Fig. 6D, lane 3) but not to the GST protein alone (Fig.
6D, lane 2).

FIP-3 Blocks NF-kB Activation by TNF-a, the TNF-a
Receptor, RIP, NIK, and IKKb. It has been reported previ-
ously that the addition of TNF-a or over-expression of either
the TNFR-1 (TR55), RIP, NIK, or IKKb by transient trans-
fection could activate NF-kB (23, 32, 34, 39). To test whether
FIP-3 could block the activation of NF-kB by a variety of signal
transduction molecules, we studied the effect of FIP-3 on
NF-kB activation by TNF-a, TNFR-1, RIP, NIK, or IKKb. The
experiments were done in the presence of the baculovirus p35
protein to prevent apoptosis by TR55 or RIP (40). NF-kB
activity was assessed at 18 hours (or 24 hours for experiments
with TNF-a) after plasmid transfection, significantly before
the cells demonstrated the FIP-3-induced cell death. As shown
in Fig. 7, TNF-a (15 ngyml) as well as overexpression of the
TR55, RIP, NIK, or IKKb by transient transfection could
activate NF-kB and increased NF-kB-dependent luciferase
activity 3- to 6.5-fold over the basal levels achieved with the
negative control plasmid. However, the addition of 1 mg of the
FIP-3 plasmid to any of these transfected or TNF-a-treated
cells completely blocked the activation of NF-kB to levels
below basal values. As the amount of FIP-3 plasmid DNA was
reduced below 10 ng, the inhibitory effects of FIP-3 were no
longer observed.

FIG. 4. Induction of apoptosis by FIP-3 and prevention of cell
death by Ad E3–14.7K. Human 293 cells were seeded onto 100-mm
dishes and were transfected by using the LipofectAmine protocol with
plasmids as indicated below. In addition, each plate contained 0.3 mg
of the GFP plasmid for monitoring transfection efficiency. Forty hours
after transfection, the transfected cells were lysed (A). Low molecular
weight nuclear DNAs were isolated and analyzed on 2% agarose gel
as described in Materials and Methods. Lanes: 1, 4.7 mg of pcDNA-T7;
2, 1.5 mg of pcDNA-T7-FIP3 plus 3.2 mg pcDNA T7. In B, 293 cells
were transfected similarly, but apoptosis was assayed and quantified by
an ELISA technique as described in Materials and Methods. Lanes: 1,
4.5 mg of pcDNA T7; 2, 1.5 mg of pcDNA FIP-3; 3, 1.5 mg of pcDNA
FIP-3 and 3 mg of pcDNA E3–14.7K; 4, 1.5 mg of pcDNA FIP-3D1–
179; 5, 2.0 mg of pcDNA TR55. The total amount of transfected DNA
in each lane was adjusted to 4.5 mg by the addition of pcDNA T7.

FIG. 5. Ad E3 14.7K affects the intracellular localization of FIP-3.
293 cells were transfected with plasmids expressing various combina-
tions of pcDNA-T7-FIP-3 and pcDNA-FLAG-14.7K. The nuclear and
cytoplasmic fractions were prepared by Dounce homogenization in
hypotonic buffer, and each was analyzed for FIP-3 protein 24 hours
later by Western blots using antibody to the T7 tag conjugated with
horseradish peroxidase (Novagen) at a dilution of 1:2,000 for 1.5 hours
at room temperature. The blots were washed 3–4 times in PBS with
0.1% Tween 20 and were developed with enhanced chemilumines-
cence reagents (Boehringer Mannheim). Lanes: 1 and 2, negative
controls that contain 5 mg of pcDNA-T7 and 3 mg of pcDNA-14.7K,
respectively; 3–7, 1 mg of pcDNA-FIP-3; 4–7, increasing amounts of
pcDNA-14.7K; 4, 1 mg; 5, 2 mg; 6, 3 mg; 7, 4 mg. All transfections were
normalized to contain 5 mg of DNA by the addition of pcDNA-T7.
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DISCUSSION

Apoptotic cell death is used as one of the host defense
mechanisms to control infection by viruses. To counter this
protective measure, viruses encode genes whose products can
inhibit apoptosis in the host cells. Ad E3–14.7K is one of
several adenovirus proteins that inhibit TNF-a-induced apo-
ptosis. In an effort to elucidate the mechanism by which viral
proteins block apoptosis, we used the yeast two-hybrid system
to isolate and characterize FIP-3, which interacts with Ad
E3–14.7K. The specificity of this interaction was further con-
firmed by a number of assays, including the lack of reactivity
to a series of other baits in the yeast two-hybrid system, in vitro
GST protein–protein interaction, intracellular colocalization,
and in vivo coimmunoprecipitation. In addition, the intracel-
lular redistribution of E3–14.7K or FIP-3 on the addition of
both of these proteins together suggested an interaction be-
tween FIP-3 and E3–14.7K.

FIP-3 has 27% identity with FIP-2, another Ad E3–14.7K
binding protein that has been described (36). FIP-2 recently
had been shown to bind to the huntingtin protein (41) but does
not directly cause cell death or affect NF-kB (36). Computer-
aided sequence analysis showed that FIP-3 contains a zinc
finger, a leucine-zipper domain, and two similar domains with
isoleucine, valine, and methionine substituting for some of the
leucines. We have found that all three leucine-zipper domains
were not required for its interaction with E3–14.7K, because

the clones identified in the yeast two-hybrid system lacked the
first leucine-zipper domain.

FIP-3 does not contain the so-called ‘‘death domain,’’ which
is present in a number of cell death proteins, such as RIP,
TNFR-1, Fas, TRADD, and FADDyMORT1. However, FIP-3
could cause apoptosis, inducing a unique morphology before
fragmentation and eventual cell death. Most of the cells with
intracytoplasmic GFP-staining bodies died between 48 and 72
hours after transfection. The mechanism of inducing apoptotic
death by FIP-3 is not known, but it does not appear to be
inhibitable by the p35 baculovirus protein, YVAD-CHO,
DEVD-CHO, or Z-VAD-FMK caspase inhibitors. Because
there are reports of caspase-independent effectors of apopto-
sis, some of which are blocked by Bcl-2, FIP-3 may belong to
such a group of proteins (42). However, it has been found that
Ad E3–14.7K also can bind to caspase 8 (ref. 16; M.S.H.,
unpublished observations). Thus, it is possible that Ad E3–
14.7K may interact and inhibit both caspase-dependent as well
as caspase-independent pathways that induce apoptosis. Be-
cause NF-kB appears to activate unknown genes whose prod-
ucts can prevent apoptosis, the inhibition of NF-kB activation
by FIP-3 may augment signals required for cells to undergo
apoptosis. Thus, FIP-3 might provide important clues for
further understanding of the control of apoptosis.

It is not known which of the interactions between FIP-3 and
the various signal transduction molecules on the NF-kB acti-
vation pathway are most important for the modulation of
NFkB. We have shown interactions between FIP-3 and RIP or
NIK as well as effects of FIP-3 on NF-kB activity induced by
TNFa, RIP, NIK, and IKKb. All of these interactions pre-
sumably occur in the cytoplasm. FIP-3 also appears in the
nucleus, where its leucine zipper or zinc-finger domains might
promote interactions with the NF-kB transcriptional appara-
tus (43–45). Recently, while this manuscript was in prepara-
tion, the mouse homologue of FIP-3 (named NEMO) was
isolated by its ability to complement cells deficient in NF-kB

FIG. 6. Association of FIP-3 with RIP and NIK in 293 cells. In A,
293 cells were transfected with the following plasmids for coimmu-
noprecipitation and Western blot analysis. Lanes: 1, 2 mg of pcDNA-
FLAG-RIP plus 2 mg of pcDNA-T7-FIP1; 2, 2 mg of pcDNA-FLAG-
FIP-2D134 plus 2 mg of pcDNA-T7-FIP3; 3, 2 mg of pcDNA-FLAG-
RIP plus 2 mg of pcDNA-T7-FIP3; 4, same as lane 3 plus TNF-a (20
ngyml for 20 min before harvest). Cell lysate preparation, immuno-
precipitation with anti-FLAG antibody, and Western blots with anti T7
antibody were done as described in Fig. 2D. In B, cytoplasmic extracts
of 293 cells transiently transfected in 100 mm dishes with 8–10 mg of
plasmids containing various RIP domains were added to anti-FLAG
M2 affinity gels for 2 hours at 4°C. After washing the gels three times,
35S-FIP-3 made in reticulocyte lysates was added for an additional 2
hours, and the washing was repeated. The labeled proteins were eluted
from the gel with SDS sample buffer, were separated by PAGE, and
were detected by autoradiography. Lanes: 1, the RIP kinase domain
(KD); 2, the intermediate domain (ID); 3, the death domain (DD); 4,
intact RIP; lane 5, the labeled FIP-3 added directly to the SDSyPAGE.
In C, 293 cell lysate preparation, immunoprecipitation with anti-HIS
antibody, and Western blots with anti-FLAG antibody were done as
described in A and Fig. 2D. Lanes: 1, the extracts of cells cotransfected
with FLAG-NIK and HIS-FIP-3; 2 , the FLAG-NIK alone. The
position of the NIK protein is shown. The lower two bands are
nonspecific. In D, 35S-FIP-3 was added for 4 hours to extracts derived
from Escherichia coli transfected with GST-NIK or GST in pGEX
plasmids. The GST proteins were immobilized on glutathione Sepha-
rose 4B before the addition of the radioactive extract, were washed five
times, and were eluted for SDSyPAGE. Lanes: 1, 35S-FIP-3 added
directly to SDSyPAGE; 2, the GST protein; 3, the GST-NIK protein.

FIG. 7. Inhibition of TNF-a, TNFR-1, RIP, NIK, or IKK-b-
induced transcriptional activation of NF-kB by FIP-3. 293 cells on
6-well plates were transfected with one of the following plasmids: 1.0
mg pcDNA-T7; 0.3 mg of pcDNA-TR55; 0.1 mg of pcDNA-FLAG-RIP;
0.5 mg of pcDNA-NIK; or 0.4 mg of pcDNA-IKKb. One microgram of
pcDNA-T7-FIP3 was added to one of each paired samples as desig-
nated. The amount of DNA in each transfection was normalized to 2.5
mg with control plasmid pcDNA-T7. In addition, each well contained
the following plasmids: 0.2 mg pGreen Lantern and 0.1 mg pAd-CMV-
LacZ to monitor transfection efficiency, 1 mg of baculovirus p35, and
0.2 mg of the NF-kB-dependent luciferase reporter construct pIgk-
Luc. Eighteen hours after transfection, cells were harvested, and
luciferase activity was assayed by using the Luciferase Reporter Assay
Kit (Boehringer Mannheim) following the manufacturer’s protocol. In
addition, TNF-a (15 ngyml) was added at 18 hours to paired samples
previously transfected with pcDNA-T7 or FIP-3 plus the additional
indicator plasmids. These cells were harvested at 24 hours and were
processed for luciferase activity. The experiment was repeated at least
three times, and similar results were obtained. Data shown here
represented the luciferase activities from one of these experiments.
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activity (46). NEMO was essential for the HTLV-Tax-
induction of NF-kB in cells deficient in this activity; however,
the corresponding effects of NEMO on cytokine-induced
activation of NF-kB in wild-type cells containing endogenous
NEMO activity were not reported (46). In addition, NEMO
was shown to bind to IKKb. We also had isolated the FIP-3
homologue (mFIP-3) from a mouse cDNA library and found
that its activity was identical to human FIP-3 in the inhibition
of basal and induced NF-kB activities. The reasons that
mFIP3yNEMO is needed to complement cells deficient in
NF-kB activity, but both human and mouse FIP-3 inhibit
NF-kB when added to cells expressing endogenous levels of
FIP-3, are being explored. Because we have shown that FIP-3
can assemble into multimeric complexes (data not shown) and
NEMO also has been shown to dimerize (46), such a model
would place FIP-3 at an essential checkpoint to orchestrate
either the inhibition or augmentation of NF-kB activity. One
possible explanation is that the composition or steric config-
uration of a multiprotein complex of signal transduction
molecules containing FIP-3 could be altered as the amount of
FIP-3 is increased.
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